Background: Anaemia is one of the most common public health problems. Globally, the most affected group is women of reproductive age. This study aims to describe the prevalence of anaemia among Malaysian adults.
Introduction
Anaemia has been recognized as one of the significant public health concerns as it is associated with many other complications or health problems among the population and contributes to the economic burden by virtue of high healthcare cost [1, 2] . The commonest type of anemia is due to iron deficiency while other nutritional deficiencies such as vitamin B12, folate and vitamin A contribute much lesser compared to iron. Other causes for anaemia are chronic diseases, parasitic infections and inherited disorders [3] . By definition, anaemia is a condition where there is insufficiency of normal red blood cells to meet the human body needs [4] . It may present with general symptoms such as fatigue, weakness and poor concentration. The condition of anemia could be recognized clinically by trained staff. However, symptomatic patients usually present to healthcare clinics with very severe anaemia status as mild anaemia is usually asymptomatic. Mild anaemia is frequently detected accidently following laboratory investigation for other diseases [5] . Almost all of the population age groups are affected by anaemia from newborn to older age. In pregnant mothers, anaemia increases risk of maternal morbidity in which it presents with adverse pregnancy outcomes such as preterm labour and low birth weight among newborns [6] . Nonetheless, elderly are also affected by anaemia and the majority is due to nutritional deficiencies and anaemia of chronic disease while one third remains unexplained [7] .
A previous study conducted by the World Health Organization (WHO) estimating global anaemia prevalence from 1993 to 2005 as a part of the Vitamin and Mineral Nutrition Information System observed that a quarter of the world's populations were affected, involving 1.6 billion people [8] . Although the most affected group was non-pregnant women of reproductive age, the younger age group and elderly were also affected. The highest prevalence of anemia in nonpregnant women was observed in Africa (47.5%) and in South-East Asia (35.7%) while the lowest was 17.8% in the Americas [8] . Malaysia was also included in the project and the anaemia prevalence among pregnant women and non-pregnant women was 38.3% and 30.1% respectively [8] . The WHO has defined the standardized hemoglobin cut-off point to diagnose anaemia which can be used globally (4) . As most of the anaemia causes are treatable conditions, early detection can help stakeholders provide a prompt intervention. Mass screening is one of the methods to detect more cases of anaemia in the population. Point-of-care has been established as a screening tool with minimally invasive procedure that can generate more data on global estimation in worldwide surveys like the Demographic Health Survey Program conducted by the United States Agency for International Development (USAID) [9] .
Anaemia routine screening in the local setting is only conducted during blood donation programs and antenatal check-ups for pregnant mothers. Most of the time, the blood investigation for hemoglobin concentration is opportunistic, conducted when patients come to health clinics for other problems or during voluntary annual check-ups for those who are covered with health care schemes at the work place or through personal insurance services. Thus, there were limited data to explain on the anaemia situation in Malaysia as previous studies were more focused towards pregnant women [10, 11] . This study aimed to present the current prevalence of anaemia in Malaysian adults. It also estimated the number of persons affected in specific age groups and the socio-demographic factors that are associated with anaemia. To the best of our knowledge, this is the first population-based survey using a point-of care screening method to detect anaemia.
Materials and Methods
Data were obtained from the National Health and Morbidity Survey (NHMS) 2015. NHMS is conducted regularly to provide populationbased data on the pattern of common diseases, health needs and expenditure in Malaysia. In the year 2015, the NHMS cycle focused on non-communicable diseases and its risk factors besides other topics, including anaemia. This survey obtained approval from the Medical Research and Ethics Committee (MREC), Ministry of Health and was registered with the National Medical Research Registration with the NMRR ID-14-1064-21877. Further details of the methodology of this study have been described in the technical report [12] .
Population and sampling
This survey used a stratified multistage random sampling based on the national census to ensure national representativeness. The primary sampling units were the enumeration blocks, arbitrarily defined geographically contiguous areas, and the secondary sampling units were the living quarters (LQs). Respondents aged 15 years and above from the selected LQs, who gave their consent, were recruited in this study.
Instruments and training
The socio-demographic data were collected using validated questionnaires including pregnancy status for female respondents although this survey was not targeting pregnant women. Haemoglobin level was measured using the HemoCue haemoglobinometer (HemoCue® Hb 201+ System, Angelhom, Sweden), a point-of-care testing on capillary blood samples by trained health staff. HemoCue® Hb 201+ System has been widely used in the local primary care setting. Practical sessions had been conducted during five days of data collection training including the right technique in obtaining capillary samples. Health staff was taught that respondents should be seated appropriately and explanation on finger prick procedure should be given before conducting the procedure. Health staff was advised to adhere to the safety procedure and standard clinical waste disposal during the data collection period.
Variables definition
The socio-demographic variables included in this study were age group, strata, ethnicity, education level, marital status, working status and household income quintile. Anaemia status and level of severity were determined according to the WHO guidelines on definition of haemoglobin cut-off point [4] . Haemoglobin level below 12 g/dl was considered anaemia for non-pregnant women while for men age 15 years and above, it was below 13 g/dl whereas pregnant women were subjected to a cut-off point of below 11 g/dl.
Statistical analysis
Data analysis was conducted using IBM SPSS Statistics for Windows, Version 21.0 software taking into consideration the complex sampling design for population estimation. Multivariate logistic regression was used to investigate the association between anaemia status and socio-demographic variables. The findings are presented as adjusted odd ratios (aORs) with 95% confidence intervals (CI), and a p-value <0.05 was considered significant.
Results
A total of 10,428 LQs were selected and 9433 were the eligible LQs for this survey. Out of the eligible LQs, 8411 heads of households completed the Household Survey yielding a 89.2% response rate. There were 19,908 out of 21,455 adult respondents who participated in this anaemia study which further gave a 92.8% response rate at the individual level. Based on the ethnicity breakdown as Malaysia is a multi-ethnic country, the three major ethnicities were Malays, Chinese and Indians. Further breakdown of the response rate according to the specific socio-demographic groups are shown in Table 1 The national prevalence of anaemia was 24.16% (95% CI: 23. 16-25.19) which can be estimated further to nearly 5 million people. In terms of level of severity of anaemia according to the WHO classification, the prevalence is divided further into three categories which were mild anaemia (15.57%; 95% CI: 14.83-16.33), moderate anemia (7.63%; 95% CI: 7.091-8.21) and severe anaemia (0.97%; 95% CI: 0.78-1.20).
The estimation of anaemia prevalence according to sociodemographic groups is also shown in Table 1 .
Elderly had the highest prevalence of anaemia of 35.27% (95% CI 33.15-37.45) among the age groups. Females (34.50%; 95% CI: 33.08-35.96) had a significantly higher prevalence of anaemia compared to males (14.44%; 95% CI: 13.42-15.52). Figure 1 shows the pattern of anaemia prevalence between the specific age groups and gender. The prevalence of anaemia among women aged 15 to 49 years was 34.67% (95% CI: 33.02-36.37) and for the non-pregnant women was 34.75% (95% CI: 33.09-36.46).
The prevalence of anaemia among females 15 to 19 years was significantly higher compared to males in the same age (34.14%; 95% CI: 30.71-37.75 vs. 9.62%; 95% CI: 7.74-11.89). In terms of ethnicity, Indians (30.84%, 95% CI: 28.03-33.79) had the highest prevalence of anaemia compared to other ethnicities. Table 2 shows the association between the socio-demographic variables and prevalence of anaemia in Malaysian adults after adjustment for age, gender, ethnicity, working status, level of education, household income quintile and strata. Anaemia was positively associated with females (adjusted odds ratio [aOR]=2.84; 95% CI: 2.62-3.07), Indian ethnicity (aOR=1.54; 95% CI: 1.31-1.80), those who were currently not working (aOR=1.11; 95% CI: 1.02-1.20) and age (aOR=1.01; 95% CI: 1.00-1.01).
Discussion
The global estimation on anaemia prevalence is important for monitoring the health status of the world population. The WHO estimates that a quarter of the world population is having anaemia based on 1993 to 2005 global data where the anaemia problem in Malaysia generally was considered to be of moderate level of public health significance [13] . The finding of national anaemia prevalence in this study was similar to the global estimation.
Variables
Crude Most of the cases were considered as mild anaemia and only a small proportion of respondents were reported as having severe anaemia as found in many studies [14] [15] [16] . In the year 2011, the WHO repeated the project but focused on preschool age children (6-59 months) and women of reproductive age as both groups are considered the at-risk population. The prevalence estimates among women of reproductive age (15-49) was 21% using data from 1995 to 2011 [17] . The prevalence estimate is much lower compared to the current findings which observed 34.67% women of reproductive age as having anaemia although the level of public health significance is still the same. Even though this study did not estimate the prevalence specifically for pregnant women, the Figure 1 shown for women of reproductive age is alarming as the prevalence of anaemia is much higher in pregnant women as estimated by the WHO in 2008 [13] . A previous local study conducted in clinical settings among pregnant women observed that the prevalence of anaemia in pregnancy was 35.0% using either capillary or venous sample with the HemoCue® Hemoglobinometer [15] .
Various studies examine age and gender in further data analysis for anaemia [14, 18] . Generally, the prevalence of anaemia in females is significantly higher compared to males as observed in the WHO study [13] . Females are more affected than males mainly due to physiological menstrual loss, increased demand during pregnancy, inadequate nutrient intake and parasitic infestations [19, 20] . A previous study observed that the overall prevalence of anaemia in females is double the prevalence of anaemia in males [14] . The trend of anaemia prevalence is increasing from mild to severe levels of public health significance with the increasing age for males, while for females, the anaemia problem has started early in teenage age and continued further in child bearing age and elderly age. Both genders at the age of 75 years and above showed highest prevalence compared to the younger groups. This finding is similar to the findings in rural China; the prevalence was much higher in older age in both genders [21] . When comparing the prevalence between genders in adolescent groups, the prevalence of anaemia in female adolescents was three times higher than male adolescents in this study. A study conducted among adolescent groups in another country observed the prevalence of anaemia among female adolescents was double of male adolescents [22] .
The pattern of anaemia according to specific age groups should alert program managers in targeting interventions for anaemia promptly. As mentioned earlier, older age groups are also susceptible to anaemia and the WHO global data estimated prevalence for anaemia in older persons aged 60 and above was 23.9% [13] . The prevalence of anemia in older persons aged 60 and above is much higher than the WHO global estimation in this study [13] . Other previous studies including systematic reviews revealed the prevalence of anaemia in those aged 65 years and above were within 7.0% to 40.0%, with a wide range being observed according to the location of the survey being conducted, as the prevalence was much lower in community settings compared to hospital settings [23] [24] [25] . Anaemia in elderly is most probably due to the anaemia of chronic diseases such as chronic kidney disease, nutritional deficiencies while one third still remained due to unexplained causes [7] .
In Malaysia, ethnicity plays a strong determinant as it relates to certain cultural and religious beliefs especially towards food choice. For example, vegetarian food has lower iron nutrients compared to meat which may contribute to nutritional deficiency anaemia [26] . A study conducted among pregnant women observed ethnicity variation in hemoglobin concentration during antenatal check-up where Indian ethnicity had the significantly highest prevalence compared to other ethnicities as observed in this population-based study [16] . Indian ethnicity was associated with less intake of meat in their daily food consumption, concurring with a study that found those who partake of less meat were more likely to have anaemia [27] . A study conducted in rural China revealed an increase of anaemia prevalence within two years and one of the associated factors was a diet consisting of mainly vegetables [21] .
Most of the previous studies are concentrating on determinants of anaemia among women of reproductive age, children or elderly and do not focus on determinants for the general population per se. Among the socio-demographic determinants for women of reproductive age, anaemia is associated with illiteracy and low economic status [28] . However, in this study, level of education, geographical distribution and household income were not associated with the prevalence of anaemia in the general population as observed in Eastern Sudan [29] .
Anaemia continues to contribute to the global burden of disease as it affects all population groups if no intervention or action is taken promptly. The intervention plan has been included in the National Plan of Action for Nutrition of Malaysia (NPANM) III, 2016-2025 and the haemoglobin level is the indicator that is being monitored especially among women of reproductive age [30] . The target is to reduce the prevalence of anaemia in women of reproductive age by fifty percent in 2025. Anaemia also has a significant impact towards the quality of life among older persons where early identification among older persons will reduce the anaemia problem later and subsequently reduce complications from other co-morbidities.
This survey was the first population-based screening using point-ofcare for anaemia screening. A population-based survey in estimating anaemia prevalence is very costly and almost difficult to do successfully if using laboratory methods for haemoglobin measurement. Many studies have discussed the validity and reliability of HemoCue® Hemoglononometer on estimating hemoglobin concentration [31] . When using venous samples in both the HemoCue® Hb 201+ System and laboratory method, the hemoglobin readings are almost comparable [32] . Caution should be exercised while interpreting haemoglobin readings if capillary samples are used, as the reading might be higher compared to venous samples and may give a false negative result [31] . HemoCue® Hb 201+ System has been used as a recognized screening method in various surveys in multiple settings such as among blood donors and the worldwide survey in Demographic Health Surveys (DHS) for estimating hemoglobin level immediately after blood sampling [33] .
The use of point of care testing should encourage more respondent participation as it utilizes minimal amounts of blood with minimally invasive procedure and portable analyzer with rapid results. However, a slightly lower response rate was detected from the teenage group and those of Chinese ethnicity. The response rate problem in any epidemiological study globally has been discussed in a previous study and many reasons for non-participation were observed [34] . In this survey, the younger population was observed to have higher numbers of refusal compared to the older group due to perceived selfsatisfaction on their own health. Ethnic Chinese respondents also revealed lower response rates compared to other ethnicities possibly due to either communication barrier with the data collector and higher self-satisfaction on their own health which contributed to unwillingness to join the national survey. Nevertheless, the overall response rate is considered acceptable and representative of the population.
Limitation
This study is based on HemoCue® Hb 201+ System using capillary sampling for the hemoglobin measurement which needs further confirmation from standard methods in the laboratory. However, HemoCue® Hb 201+ System has acceptable sensitivity and high specificity in detecting anaemia. This study also lacks data for those below 15 years as they were not included in this study. This study also is unable to identify the cause of anaemia, although the most common cause is due to iron deficiency anaemia. Identifying the anaemia cause is important in providing effective strategies to treat the condition in order to reduce the national prevalence of anaemia. Furthermore, this study only examined the association between socio-demographic variables and anaemia and does not include other factors associated with anaemia such as pattern of dietary intake, menstrual history for women and chronic diseases in elderly which were out of the scope of this study.
Conclusion
Anaemia is a significant public health problem that should be focused on especially among women of reproductive age and the elderly. Periodic screening using point-of care is essential and acceptable in population settings. The anaemia problem has been detected in respondents as young as 15 years and continues till elderly age in females. In males, the problem is mild in the young but sharply increases in the elderly. Anaemia in the general population is observed to be associated with female sex, elderly, Indian ethnicity, and those who are married, widower/widow and divorcee. Preventive measures such as iron supplementation, food fortification and encouraging food diversification should thus be started from the younger age group in the population.
